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Previews2008; Fernando et al., 2011; Liu et al.,
2005). However, PTEN, whose mutant
phenotype in hippocampal NSCs is near
identical to that of the GABAA receptor
(Bonaguidi et al., 2011), is known to regu-
late the cell cycle at the G0–G1 transi-
tion—as does BMP signaling (Mira et al.,
2010). It will be of great interest to see
how the effects of PTEN and GABA
receptor knockout are reconciled with
each other and with the other signaling
pathways known to regulate NSC quies-
cence and progression through the cell
cycle.
Hippocampal neurogenesis can affect
memory and learning and has been impli-
cated in a number of psychiatric diseases,
fueling great interest in this field of
research (Ming and Song, 2011). PV+
interneurons had been independently
implicated in many of the same patho-284 Cell Stem Cell 11, September 7, 2012 ª2logical conditions as hippocampal neuro-
genesis, including Alzheimer’s, schizo-
phrenia, and epilepsy (Masiulis et al.,
2011; Song et al., 2012). Therefore, the
mechanism of stem cell regulation out-
lined by Song and colleagues may serve
to further our understanding of common
pathologies, with potentially far-reaching
consequences.REFERENCES
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In their recent Science publication, Doupe´ et al. (2012) demonstrate that a single population of proliferating
progenitor cells is solely responsible for homeostatic self-renewal and repair of injured esophageal epithe-
lium. These findings argue against an obligate requirement for long-lived (reserve) stem cells in adult
epithelia.The long-term self-renewal capacity of
barrier epithelia such as the skin, intestine,
and stomach has traditionally been attrib-
uted to the existence of dedicated pop-
ulations of slowly cycling adult stem cells
residing within specialized instructive
niches. Obligate asymmetric division of
these stem cells is thought to be the
norm, ensuring both maintenance of the
stem cell pool and a constant supply
of proliferative progenitors (TA cells)
destined to differentiate into replacement
epithelial cells after a limited number of
cell divisions. Small populations of poorly
defined ‘‘reserve’’ stem cells are thought
to lie dormant within the these tissues,mobilized only in response to catastrophic
loss of the regular stem cells after injury (Li
and Clevers, 2010). However, such text-
book descriptions are increasingly being
challenged following the development of
in vivo clonal tracing techniques that facil-
itate a rigorous evaluation of endogenous
stem/progenitor activities during regular
tissue homeostasis and regeneration after
injury. A particularly elegant example of
this approach was provided in a recent
Science paper by Doupe´ et al. (2012)
whoemployed in vivo clonalmarking tech-
niques to interrogate the contribution of
proliferative basal cells to epithelial
homeostasis and repair in the esophagus.In contrast to other tissues such as the
intestine and stomach (Barker et al.,
2010), they find no evidence for the exis-
tence of discrete populations of long-
lived, self-renewing stem cells in the
esophagus and insteadpropose a surpris-
ingly simple model of progenitor-driven
epithelial renewal and regeneration in
this tissue.
The mouse esophageal epithelium
(EE) is an essentially uniform structure,
comprising multiple layers of keratino-
cytes stacked on top of a basement
membrane (Figure 1). Like all barrier
epithelia exposed to harsh external envi-
ronments, dead cells are constantly being
Figure 1. The Contribution of Basal Progenitors to Epithelial Self-Renewal during
Homeostasis and in Response to Injury in the Esophagus
Figure contributed by Dr. Shawna Tan.
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Previewsshed from the surface, imposing an obli-
gate requirement for regular self-renewal
throughout life. Cell proliferation is re-
stricted to the most basal layer of the EE
(Messier and Leblond, 1960), which is in
direct contact with the basement mem-
brane. It is well accepted that the regener-
ative capacity of the EE resides within this
layer, but there has been widespread
debate as to whether dedicated long-
term self-renewing stem cell populations
exist (Croagh et al., 2007; 2008; Kalabis
et al., 2008) or whether the epithelium is
simply maintained by a dynamic pool of
functionally equivalent progenitor cells
(Marques-Pereira and Leblond, 1965).
In an effort to definitively address
whether slow-cycling (quiescent) stem
cells exist within the EE, Doupe´ and
colleagues performed in vivo pulse-chase
studies to determine the rate at which
nuclear Histone-GFP (HGFP) marks were
diluted out within the epithelium over
time (as a direct readout of cell division
rates). The only label-retaining cells de-
tected within the basal layer were a rare
population of terminally differentiated
immune cells, indicating that quiescent
stem cells are absent from the EE. This
pattern also revealed that the basal cell
population is uniformly proliferating onceevery 3–4 days. To determine how EE
homeostatic self-renewal is achieved
without a dedicated stem cell population,
Doupe´ and colleagues traced individual
cycling basal cells using an inducible
reporter mouse model that facilitates the
introduction of a heritable fluorescent
mark at random into the basal population.
They then simply tracked the in vivo fate
and behavior of a large, representative
sample of labeled basal cell clones during
tissue homeostasis over a one-year
period, enabling them to make predic-
tions about the behavior of the basal
population as a whole.
Collectively, their clone fate data bore
a striking resemblance to earlier findings
from the same group on the interfollicular
epidermis (IE) (Clayton et al., 2007), which
prompted (supported by rigorous mathe-
matical modeling) the conclusion that
the EE, like the IE, ismaintained by a single
population of functionally equivalent pro-
genitor cells (denoted Esophageal Pro-
genitors [EP]) that divide stochastically
to generate proliferating and differenti-
ated daughter cells with equal probability
(Figure 1, left). To address whether the
EPs exhibit the same behavior in re-
sponse to stress, Doupe´ and colleagues
challenged the EE by administeringCell Stem Cell 11, Sall-trans Retinoic Acid (atRA) and subse-
quently evaluated the resulting response
of the basal progenitor compartment
using the same quantitative lineage
tracing approach described earlier. The
major effects were a doubling of EP prolif-
eration and an increased rate of migration
of differentiated progeny out of the basal
layer towards the surface epithelium. No
skewing of the cell fate choices following
cell division was observed, indicating
that tissue homeostasis was maintained.
This revealed atRA-induced stress
causes the EP to adopt a new homeo-
static state characterized by increased
proliferation.
A very different EP response character-
ized by a transient fate switch to generate
extra proliferating progeny was observed
following acute wounding of the EE via
microendoscopy (Figure 1, right). This
skewing of the normally stochastic EP
fate choice was already evident 24 hours
after wounding and was maintained until
wound repair was complete on day 5,
when proliferation rates and stochastic
fate choices reverted to normal levels.
The net contribution of this increased
progenitor output to wound repair was
evident from lineage tracing analyses,
where a robust contribution of labeled
differentiated progeny to the regenerated
epithelium was observed.
Collectively, these findings support the
existence of a single progenitor cell popu-
lation capable of both supporting EE
homeostasis and responding to injury
signals by switching cell fate choice to
ensure a sufficient supply of proliferative
daughters to achieve rapid wound repair.
The longevity of any given basal progen-
itor clone is then simply governed by
the random choice it makes during any
given cell division: symmetric division to
generate two differentiated progeny re-
sulting in clone extinction; symmetric divi-
sion to generate two proliferating cells
resulting in clone expansion; or asym-
metric division resulting in clone mainte-
nance. As long as the two symmetric
division rates are equal, then the progen-
itor clone population remains in homeo-
stasis. However, at the individual cell level
EPs conform neither to the classical
definition of long-lived stem cells nor to
that of traditional transit amplifying (TA)
cells, which undergo obligate terminal
differentiation after a fixed number of
rounds of cell division.eptember 7, 2012 ª2012 Elsevier Inc. 285
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PreviewsAlthough the EE and IE appear to share
a common self-renewal mechanism that
does not rely on the traditional stem
cell:TA cell hierarchy present in other
adult tissues, the IE does harbor a reserve
stem cell population within hair follicles,
which are mobilized to help repair the
IE in response to injury (Kasper et al.,
2011). However, this is apparently not
the case for the EE, which instead revers-
ibly alters its EP behavior in response to
tissue insult. These findings are particu-
larly relevant in view of the increasing inci-
dence of EE diseases such as Barrett’s
esophagus and cancer. Even slight imbal-
ances in the cell fate choices of the EPs
are predicted to result in uncontrolled
proliferation within the epithelium—it is
therefore conceivable that nonreversible
alterations to EP behavior in vivo are
a major cause of EE disease. Performing
similar fate-mapping studies in relevant
disease models may therefore help deci-
pher the underlying cause and potentially
reveal novel therapeutic opportunities.286 Cell Stem Cell 11, September 7, 2012 ª2These findings also raise a number of
interesting questions regarding the mech-
anisms governing stochastic fate deci-
sions within the EP compartment during
tissue homeostasis and cell fate switches
in response to stress/injury cues. One
wonders whether this is driven by natural
variation in gene expression patterns
(noise) from cell to cell that dictate how
individual cells respond to uniform
extrinsic tissue signals or by spatial
heterogeneity in niche signals. Single-
cell profiling of EP cells may help to
shed some light on this issue. Given the
likely contribution of stem/progenitor
populations to epithelial cancers, it will
also be crucial to determine whether
such stem cell-independent mechanisms
are generally applicable to squamous
epithelia in both mice and humans.REFERENCES
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